Abstract-Earth resistance of buried steel cages, encased in bentonite mixed concrete has been investigated. A reference pit was constructed with steel cage encasing in ordinary concrete.
INTRODUCTION
The performance of earthing systems plays vital role in the overall efficiency of lightning protection, power, and communication systems. The purpose of an earthing system designed for lightning protection is to acts as the interface between lightning current flowing in the down conductors and masses of soil. Hence, the earthing system is responsible solely for dispersing transient currents into soil where the neutralization will take place. These lightning currents are characterized by fast fronts (in the order of few hundred nanoseconds), high amplitudes (tens of kA). Even, in the case of other earthing systems; power and signal systems; apart from their main objectives (providing return path for fault currents / potential referencing etc.) the system needs to However, for the convenience of the field engineer/ technical that takes the earthing measurements of the system, many recognized standards specify a limiting value for the earth resistance, rather than earth impedance, to evaluate the suitability of a given earthing system [1] [2] [3] .
A popular way of achieving low earth resistance, especially in extremely high resistive soil, is to encase the electrodes in conductivity enhancement material; which are popularly referred as backfill materials. Such materials have distinct advantage in producing good earth resistance at space restricted sites and sites with ultra-high soil resistivity. In several papers in literature, low frequency resistance of several backfill materials has been tested [4] [5] [6] . In few studies, several other properties of backfill materials such as prevention or reduction of corrosion have also been studied [4] . However, impedance characteristics of such materials are yet to be studied at significant scale.
There are several issues against backfill materials in promoting them as widely used earthing materials. One such is the instability of such materials in soil. Due to heavy rainfall the material may leak out from the electrode neighbourhood, thus refilling (or popularly referred as recharging) may be an essential requirement. Furthermore, environmental concerns of adding such material into the soil, especially in built-in environments is another issue that has to be addressed in using such materials.
As a remedy to above drawback of backfill materials, the suitability of bentonite mixed reinforced concrete as earth electrode has been tested. Bentonite has been selected as the mixing substance with concrete, based on long term professional experience and outcome of a previous study [4] . The investigation has objectives of finding concrete mix best suited for both standalone earthing electrodes and a mix that can be used in making multipurpose building foundation. The following parameters related to such electrodes are under investigation.
a. Long term variation of low frequency resistance b. Most effective proportion of bentonite in the concrete mIx c. Resistivity and permittivity d. Impedance characteristics under impulse conditions e. Mechanical stress withstanding capacities f. Corrosion resistance/promotion of the concrete mix In this paper we present the results of investigations done with respect to the parameters described in sections a and b. The rest of the work will be presented in a separate paper in the future.
II. METHODOLOGY
Cages were made of reinforcement steel bars of diameter 12 mm. As shown in Fig.la each cage is made of 20 horizontal steel bars of 1m and 16 vertical bars of 25 cm. one vertical bar is extended up to 110 cm. All joints were thermo welded.
Pits of approximately 1 m (depth) x 1.2 m x 1.2 m were dug using heavy machinery. Concrete for the first pit was made by mixing Portland cement, sand and stone in the ration 1:2:4. For the second one 10% of cement (by mass) was replaced by equal mass of bentonite. For the other 6 pits bentonite replaced cement by 20%, 30%, 40%, 50%, 60% and 70%.
Concrete mix was poured in to each pit as depicted Fig.1b . Fig.1 c shows the concrete electrode before the pit is filled with removed soil. The part of the extension of vertical rod above concrete encasement was purposefully kept bare (to be in contact with soil) to investigate the corrosive effects of steel in contact with soil. Finally the pits are completely filled with soil (the same soil that was dug out to make the pits).
The land plot used for the investigation belongs to the engineering faculty of Universiti Putra Malaysia. Adjacent plot of the site has been used for investigation on various backfill materials for the previous 2 years. The site with pits ready for the installation is given in Fig.2 . The soil resistivity up to a depth of about 5 m were mapped in the site by taking measurements from a 4-pole ground resistivity meter (MEGER DET5 / 4R). The resistivity of soil has been measured at three locations of the site. In each case the four poles were aligned in mutually perpendicular directions.
Starting from the date of installation earth resistance measurement of the 8 electrodes were taken regularly by a digital earth resistance meter KYORITSU MODEL4105A, which works on fall of potential techniques. Each measurement was repeated in perpendicular directions and the average value has been taken for the analysis. Fig.2 depicts the site view of dug pits with the metal cages next to each of it and about to be installed. 
III. RESULTS AND DISCUSSIONS
First reading was taken 4 days after the pits were completely constructed. The surfaces of the protruding electrodes were cleaned off mud and possible rust by using sand papers. This is vital as deposits of mud or any other dirt could introduce additional resistance to the measurement. It was observed that the differences in measurement before and after the electrodes were cleaned were significant, averaging within the range of 5Q. Table 1 shows the results for the first month of measurement. Overall, by week 5, the earth resistances in all pits still have minor fluctuations of less than IOn. The abnormally high earth resistance of 20% Bentonite on 28 December which is just 4 days after the pits were successfully constructed is probably due to the fact that the composition of concrete mixture has yet to stabilize in that particular pit. Other than that particular anomaly, during the first month, the earth resistances measured in pit with 20% bentonite that follows are consistently lower than 20 Q.
During this first month of measurement, the earthing resistance seems to be lower for the pits with less bentonite. The saturation limit of quantity of bentonite seems to be less than 30% of the cement composition in the concrete mixture because only the pits with 10%, 20% and 30% bentonite seems to be outperforming the effectiveness of the pit with standard concrete. For pits with more than 30% bentonite, the earthing resistances seem to be higher than the pit with standard concrete mixture However, beyond the first month of measurement, the earthing resistances of all pits with bentonite are consistently higher than that of pit with standard concrete mixture as illustrated in Fig. 3 . In fact, the pit with standard concrete is able to maintain earthing resistance below 20n for up to 4 months. After the first month, the pit with 70% bentoniteregularly records the highest earthinguntil the end of the third month. From the beginning of the fourth month, pit with 20% bentonite consistently demonstrates the highest resistance value among all pits reaching the pinnacle of 53.8 n.
One possible explanation to the trend of earthing resistances measured after the first month is that bentonite does not mix with cements, gravels, and sands which constitute the standard concrete mixture contrary to what was expected before the experiment. When the amount of bentonite is increased less amount of cement is available to bind the gravel and ' sand together. This in turn results in less compactness of the concrete constituents. This lack of compactness may impede the flow of ions throughout the concrete block. It is the flow of ions which governs the earthing resistance of any installed earthing system. Better ionic conduction means lower earthing resistance. These explanations are valid for all pits (except for pit with 20% bentonite) because after the first month, the pits with higher bentonite content persistently reflects higher resistance values.
The initially better performance of pits with 10-30% bentonite could be due to existence of hydrated bentonite at the beginning of the experiment. Although bentonite does not mix with the rest of the constituents, hydrated bits of bentonite may be available throughout the concrete block with the water coming from the water used to mix the concrete itself These hydrated forms of bentonite under the initially wet condition may enhance the ionic conduction between the metal cages and the concrete blocks. However, as time exceeded the first month and the water (used to mix concrete) gets dried off, the lumps of dehydrated bentonite became solidified and may actually introduce additional resistance to the system as observed for measurements recorded from second month till the fifth month.
The peculiar trend of earth resistance for pit with 20% bentonite seems to not have obvious explanation. One possible reason could be the loosening of some joints between metal bars which are welded together to construct the metal cage. Another possible explanation is the changed nature of the soil which was backfilled on top of the concrete block in that particular pit. Extra attention would be paid to this particular pit when taking measurements for the next 7 months.
Although the pits with bentonite recorded higher earth resistance compared to the pit with standard concrete, it is still notable that all pits with the exception of pits with 20% and 70% bentonite have recorded very stable values throughout the first five months of measurement as shown in fig.3 . This resistance-stabilizing capability is an important attribute of any backfill materials for earthing purpose apart from resistance reducing capability.
Outcomes of this research will be of vital importance in planing future research on grounding resistance reducing agents. Bentonite in the form of water based slurry [4] and concrete reinforced with steel [7] show noteworthy performance in reducing earth resistance of a given electrode, when they are used seperately. In contrarary, once they are mixed to form a new electrode casing material, there was no further improvement in the performance. Figure-3 Earth resistance of metal cages encased in concrete mixtures for five months
IV. CONCLUSIONS
Based on the first five months of measurement, there are two major outcomes that can be drawn from this experiment thus far. The first is the inability of bentonite to be mixed with cements, gravel and sands in making a concrete mixture which can act as earth conductance enhancement material. The second is the reconfirmation of the earth resistance fluctuation-minimizing effect of concrete.
However, solid conclusions in this regard should be made after repeating the experiments at sites with various soil resistivities ranging from moderate values such as few hundred Ohms to very high values such as few tens of kilo Ohms. Measurements at each site should also be continued at least up to few years before concluding the performance of new materials.
